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RÉSUMÉ 
Un grand nombre de sources diffuses de pollution existent dans un bassin versant urbain, ce qui 
entraîne une détérioration de la qualité des eaux de ruissellement, et représente un problème 
environnemental majeur. Lorsque les eaux pluviales se déplacent à travers des surfaces 
imperméables, elles entraînent des sédiments contaminés qui sont préjudiciables aux habitats 
aquatiques et dommageables pour les infrastructures municipales situées en aval et pour les cours 
d’eau naturels. Les bouches à décantation, également appelées égouts pluviaux, servent d’interface 
entre les eaux de ruissellement des rues et le réseau souterrain d’assainissement et de drainage. En 
plus de transporter les eaux de ruissellement, les bouches à décantation sont également conçues 
pour collecter et stocker temporairement les sédiments. CB ShieldTM est un insert bon marché pour 
une bouche à décantation qui a amélioré la rétention de sédiments dans un puisard. Cet article 
présente les résultats préliminaires d’une étude d’un an sur le terrain, portant sur la performance de 
deux CB Shields installés dans la rue dans des bouches à décantation à l’Université de Toronto, au 
Canada. Les prélèvements sur les eaux et les sédiments du puisard ont montré des concentrations 
plus élevées de phosphore, d’azote, de cuivre, de plomb, de manganèse et de zinc dans la bouche à 
décantation équipée du système que dans la bouche témoin non équipée. Globalement, les données 
recueillies indiquent que des recherches plus approfondies sur ce dispositif seront bénéfiques, étant 
donné que la maintenance et les exigences en matière d’élimination des sédiments sont également 
prises en compte. 
ABSTRACT 
Many non-point sources of pollution exist in an urban catchment, which causes stormwater runoff 
quality to deteriorate, posing a major environmental concern. As stormwater travels across impervious 
surfaces, it washes off contaminated sediments that are detrimental to aquatic habitats, and damaging 
downstream municipal infrastructure and natural streams. Catch basins, also known as storm drains, 
serve as the interface between street runoff and the underground conveyance sewer network. Along 
with transporting runoff, catch basins are also designed to capture and temporarily store sediments. 
CB ShieldTM is a low-cost catch basin insert which improved the retention of sediments within a catch 
basin sump. This paper presents preliminary results of a year-long field performance study of two CB 
Shields installed in street catch basins at the University of Toronto, Canada. Sampling of sump water 
and sediments found higher concentrations of phosphorus, nitrogen, copper, lead, manganese and 
zinc in the shielded catch basin compared to an unshielded control catch basin. Overall, the data 
collected show that further research of this device will be beneficial, given that maintenance and 
sediment disposal requirements are also considered.   
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1 INTRODUCTION 
Most cities are equipped with urban drainage systems that transport stormwater runoff from 
impervious surfaces to receiving water bodies. Drainage system planning has been a critical element 
of human settlements ranging from trial-and-error practices of ancient civilizations to modern-day 
systems based on highly technical knowledge; however, the purposes have remained the same: flood 
control and waste transport (Burian and Edwards, 2004). With ongoing increases in urban 
development and subsequent changes in land use, stormwater runoff is subjected to high 
concentrations of pollutants including heavy metals and nutrients (Jang et al., 2010). Some 
components of the drainage system, such as a catch basin, have the ability to capture and temporarily 
store contaminated sediments. Catch basins are stormwater drains with a sump that provides storage 
space; however, during large storm events, accumulated sediments are often flushed out and 
conveyed downstream (Mineart and Singh, 1994). Many proprietary devices are emerging to address 
deteriorating stormwater quality, where catch basin inserts are one such example that aid conventional 
catch basins in improving their sediment retention capability (Howard et al., 2012). 
Pollution from point sources continues to decline due to stringent regulations, shifting the focus to non-
point sources which represent the main cause of water quality degradation (Kostarelos et al., 2011). 
Heavy metals and nutrients are of particular importance due to their toxic nature and eutrophication 
abilities, which negatively impact aquatic habitats and ultimately affect human health (Davis et al., 
2001; Taylor et al., 2005). The concentrations of these pollutants in sediments depends on many 
factors including geographical location, land use, type of street surface, traffic loadings,  and 
hydrological conditions (Jang et al., 2010). Sediments may originate from rooftops, roadway surfaces, 
construction sites, maintenance yards, parking lots, and surrounding natural soils (Fan et al., 2003). 
Pollutant sources include atmospheric deposition, corrosion and erosion, vehicular wear and leaks, 
and weathering of structures (Li et al., 2005). Many studies have also demonstrated strong linkages 
between heavy metals and anthropogenic activities; for example, building siding has been identified as 
the highest contributing source for lead and zinc, and brake emissions from automobiles have been 
known to increase copper loadings (Davis et al., 2001). The focus of this paper is on determining total 
metal and nutrient concentrations from catch basin sumps, although information about speciation can 
also be beneficial: high nitrate concentrations can indicate general urban impacts, while high ammonia 
concentrations can correspond to organic pollution from sewers (Taylor et al., 2005).  
Current solutions of stormwater management include a sustainable mind-set and integrated planning, 
often making use of the treatment train approach. Many best management practices (BMPs) are 
examples of decentralized controls, which treat stormwater at multiple points as it moves through the 
urban landscape. Since, BMPs range in physical configurations and use variable pollutant removal 
mechanisms, conducting unbiased third-party testing allow better understanding of these devices, 
offering them credibility to be implemented on a large municipal scale (Fassman, 2006). When 
evaluating these new technologies, it is also important to be cognisant of future implications: 
stormwater management ponds were once frequently used to collect and retain large quantities of 
stormwater, but inadequate cleaning practices soon led to these facilities being a nuisance. Careful 
long-term planning in regards to operations, maintenance, and disposal options is therefore warranted.  
The objective of the research presented herein is to determine concentrations of known environmental 
pollutants in catch basin sumps. This paper presents results of a proof-of-concept field study 
conducted by the University of Toronto to evaluate the performance of a proprietary device, catch 
basin (CB) Shield. 
2 CATCH BASIN SHIELD  
CB Shield is a device that reduces stormwater pollutants from reaching the receiving waters, while 
making use of the existing conveyance infrastructure. The shield is inserted into a catch basin by using 
a pole hook. The CB Shield consists of a top slanted plate, bottom slotted plate, and an adjustable leg 
(Fig. 1). In a conventional catch basin, as water enters through the catch basin frame, it drops 
vertically 1-2 m directly into the sump, resulting in resuspension of the accumulated sediments. The 
top slanted plate of the CB Shield directs water to the side of the wall, dissipating the energy of the 
incoming water. The slotted plate keeps the sump protected and undisturbed, while the openings allow 
sufficient space for sediments to deposit. The adjustable leg accounts for variable sump depths and 
positions the slotted grate at the same elevation as the invert of the outlet pipe. These features of the 
CB Shield inhibit turbulence in the sump, leading to greater sediment retention.   
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Figure 1 : a) Conventional catch basin, b) Catch basin with CB Shield, c) Front view, d) Side view, and      
e) Back view 
 
3 METHODOLOGY 
CB Shield was monitored over a one year period, commencing in January 2015 until December 2015, 
to evaluate performance of the device through seasonal variations.  
3.1 Site Description 
Two monitoring sites at the University of Toronto were selected. One site was a paved alleyway, 
subjected to local traffic, where parking of maintenance vehicles was a common occurrence. Another 
site was a brick-textured alleyway, mostly subjected to pedestrian traffic. Each site consisted of two 
identical catch basins, which were located opposite from each other and had similar catchment areas; 
one of the catch basins served as an experimental control, while the other was equipped with a CB 
Shield. Prior to the monitoring program, all four catch basins were cleaned out by the University of 
Toronto Facilities and Services to establish comparable baseline conditions.  
3.2 Sample Collection and Analysis 
The catch basin sumps contained a mixture of standing water and sediments. Water samples were 
collected once every 2-3 weeks from June to November 2015. For the analysis of nutrients and heavy 
metals, a representative sample was taken by mixing together samples from six different locations 
within the catch basin using a Sludge Judge. All six samples were placed in a high-density 
polyethylene (HDPE) bucket, and homogeneously mixed with a stainless steel spoon. Samples were 
then transferred into appropriate bottles, stored in an ice cooler and dropped off to an external lab. 
The material retained in each of the catch basins was expected to vary due to different site 
characteristics such as: the catch basin structure, nearby flora, catchment area, and water flow rates. 
Also, within a catch basin, the sediment depth can vary at different locations: i.e., sediments around 
the corners may not settle in a similar manner as those near the centre. Although not the scope of this 
paper, samples also were taken at multiple locations within each catch basin, and analysed for total 
suspended solids (TSS) and turbidity. Further, samples were analysed for pH, conductivity, alkalinity, 
total organic content (TOC) and particle size distribution, but results are not discussed here.  
4 RESULTS AND DISCUSSION  
Results from eight sampling events, ranging from June 17th 2015 to November 3rd 2015, are shown 
here. Samples were collected from catch basins at the brick-textured alleyway for every sampling 
event; however, the unshielded catch basin at the paved alleyway site was unintentionally disturbed 
during the study period, resulting in the collection of only two paired samples. Combining both sites, a 
total of ten shielded and ten unshielded samples were analysed to evaluate the performance of CB 
Shield. The concentrations of nutrients and selected metals are presented in Table 1. Figures 2 and 3 
are the box and whisker plots of selected metals known to have harmful environmental impact. These 
plots divide the data into four equal groups: the bottom and top of the box represent the first and third 
quartiles, the horizontal line is the median and the whispers are the maximum and minimum values.  
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Table 1 : Summary of nutrient and metal concentrations based on eight sampling events 
Concentration 
(mg/L) 
Phosphorus Total Nitrogen Copper Lead Manganese Zinc 
USH1 SH2 USH1 SH2 USH1 SH2 USH1 SH2 USH1 SH2 USH1 SH2 
Minimum 0.05 0.48 3.78 3.50 0.08 0.09 0.11 0.13 0.30 0.71 0.66 1.32 
Mean 4.72 6.31 23.20 26.91 0.25 0.48 0.35 0.57 1.83 1.98 3.67 7.09 
Median 1.57 4.10 6.44 24.90 0.15 0.44 0.24 0.59 0.57 2.00 3.25 7.84 
Maximum 25.30 25.30 95.70 71.00 0.75 1.18 0.80 1.14 8.62 3.38 8.14 12.00 
Standard 
Deviation 7.69 7.24 31.92 21.50 0.22 0.34 0.26 0.32 2.67 0.93 2.58 3.98 
Significance p > 0.05 p > 0.05 p < 0.05 p < 0.05 p > 0.05 p < 0.05 
1USH, Unshielded catch basin results  
2SH: Shielded catch basin results 
 
   
Figure 2 : Box plots for concentrations of nutrients in catch basin sumps 
 
   
  
Figure 3 : Box plots for concentrations of metals in catch basin sumps 
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The mean concentrations for shielded sump samples of phosphorus (6.31 mg/L), total kjeldahl 
nitrogen (26.91 mg/L), copper (0.48 mg/L), lead (0.57 mg/L), manganese (1.98 mg/L) and zinc (7.09 
mg/L) were found to be higher than those of the unshielded sump samples (4.72 mg/L for phosphorus, 
23.30 mg/L for total kjeldahl nitrogen, 0.25 mg/L for copper, 0.35 mg/L for lead, 1.83 mg/L for 
manganese, and 3.67 mg/L for zinc). One-sided paired t-tests indicated no significant difference 
between the two catch basins for nutrients and manganese, whereas copper, lead, and zinc 
concentrations were significantly higher for the shielded catch basin at a 95% confidence level.  
The box plots further show that the median concentrations values were also all higher for the shielded 
samples compared to the unshielded ones; however, for some parameters, the maximum observed 
concentrations for the unshielded samples were either equivalent to or higher than the shielded values.  
Although total sediment mass accumulation is not yet analysed in the catch basins, the nutrient and 
metal concentrations suggest that the shielded catch basin is retaining more sediment than the 
unshielded one, allowing less contaminant transport downstream and subsequently resulting in a more 
polluted sump. Additionally, it is possible that the CB Shield is effective in capturing the smallest 
fraction of particles, whereas the turbulent unshielded sump is subjected to resuspend these 
sediments; many studies have shown that a significant amount of pollutants are associated with 
smaller particles sizes (Karlsson and Viklander, 2008; Kim and Sansalone, 2008).    
5 CONCLUSION 
Pollutants in stormwater arise from many different factors in the urban environment. Localized 
controls, such as CB Shield, can provide relief to our water bodies from the negative impacts of non-
point source pollution. Mean and median concentrations of phosphorus, nitrogen, copper, lead, 
manganese and zinc were greater for the shielded catch basins. CB Shield was also able to capture 
significantly higher concentrations of copper, lead and zinc. It was important to study the performance 
over one year to account for real-life conditions and seasonal variations. The results of the study 
provide extensive data and understanding of CB Shield’s ability to improve sediment retention and 
reduce washout. Given that CB Shield is cost-effective and makes use of the existing infrastructure, 
continued monitoring of this device is desirable.  
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